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ABSTRACT 
 
 The living standards of our community nowadays have changed with the flow of 
advanced technology. A huge drastic growth in microwave communication has become a 
stepping stone for many researches to come out with several ideas for improvement in 
this field.  
 Band pass filter is one of the best examples of improvement in microwave 
communication. Many applications have been discovered by using band pass filter such 
as using Defected Ground Structure (DGS) in band pass filter.  
 In this paper, a microstrip band pass filter is proposed. The filter is designed and 
develops for energy harvester circuit which will be operating at 900 MHz band. Defected 
ground structure (DGS) parameters will be tuned to measure the performance of energy 
harvester circuit. The design technique will be verified by the result obtained.   
 This project will be done in stages and many steps involved for this project to be 
fully complete. The first stage would be the designing and fabrication of band pass filter 
according to it requirement which is operating at 900 MHz band. Then the second and the 
last stage is the interference of the filter with the energy harvester circuit.  
 The system was successfully integrated. The energy harvester circuit can be 
operated with the designed 900 MHz band pass filter using defected ground structure.  
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CHAPTER 1 
INTRODUCTION 
 
1.1 Introduction of Project 
 High achievement and stringent filtering structure are the major requirements of 
modern microwave communication systems. Nowadays, electromagnetic band gap 
(EBG) materials are the popular demand for applications in microwave and millimeter 
wave filters. These filters are using the defected ground structures (DGS) which is a 
generic structure. In order to improvise the stop and pass band structures, DGS cells have 
been continuously used in filtering circuits. The uncertainty response of microstrip low 
pass filters and coupled microstrip line band pass filters has led to the usage of DGS for 
the purpose of improvise and also for ready designed devices for example filters and 
couplers.  
 
1.2 Problem Statement 
 In filter design there is a requirement of low ripple level and narrow bandwidth; 
while amplifiers design require high gain with compact size. The integration of DGS into 
filter design shows a potential to control the ripple level up to 0.01 % and also is able to 
tune to operate at narrow bandwidth of 200 MHz. In rectifier circuit design, the 
integration of DGS will be able to achieve high gain for the output. The size, harmonics 
suppression and efficiency of band pass filter for energy harvester circuit design can be 
improved with the help of proposed DGS. The performance and behavior of the proposed 
structure need to be analyzed. 
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1.3 Objective 
 The objective of this project is to design a Defected Ground Structure Band Pass 
Filter (DGS-BPF) with the following features: 
 To operate at 900 MHz band. 
 To perform analysis on tuning parameter of Defected Ground Structure (DGS) 
unit cell for tuning the Band Pass Filter (BPF). 
 To measure the performance of energy harvester circuit design with integration of 
DGS-BPF. 
 
1.4 Scope of study 
 In this project, fabrication of DGS – BPF filter will be required and it will be done 
in Printed Circuit Board (PCB) laboratory. Before that, the band pass filter will be 
simulated or designed using CST software, which is a high frequency computer 
simulation. The microstrip with and without DGS is tested and measured in RF 
microwave lab. The desired designed DGS-BPF is integrated with the energy harvester 
circuit to complete its application.  
 
1.5 Relevancy of the Project   
 Many filter design has been done before with DGS but the application of it is not 
so clear. Through this project, the implementation or the application of DGS-BPF is 
shown so that a clearer view and understanding can be achieved.  Hopefully it will be 
used more widely in the future for creating more applications which can ease and help in 
communication area or expertise. Besides that, many improvements also can be done in 
order to benefits the use of DGS-BPF. 
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1.6 Feasibility of the Project 
 This project was completed within 8 months or to be more specific within two 
semesters. This project is also successfully completed in the range of allocated budget 
which involve a prototype with circuits.  
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CHAPTER 2 
LITERATURE REVIEW& THEORETICAL BACKGROUND 
 
2.1 Literature Review 
 There are many researches has been done previously related to this topic or lead 
to this idea in my research paper. However most of the previous researches that have 
been done are not exactly focusing on the area of this investigation. Nevertheless, by 
reviewing previous research papers, many ideas were managed to be obtained to assist in 
this project paper. 
 Haiwen Liu et al. proposed an investigation on band pass filter with two-pole 
based on fractal shaped Defected Ground Stepped Resonator (DGSR)[1]. A modified 
fractal Hilbert curve resonator is shown in Figure 2.1(a). The spacing between the strips 
is 0.2 mm and the width of the strip is also 0.2 mm. Figure 2.1(b) shows a Hilbert fractal 
curve with defected ground structure resonator.  
 
 
 
 
 
 
Figure 2.1: Fractal microstrip resonator and DGSR 
 
 A dual-band microstrip band pass filter also has been proposed in the previous 
research. [2]. Pai-Yi Hsiao et al. had applied a pair of half-wavelength open-loop 
resonators on the top layer and a symmetric bended squared stepped impedance resonator 
(SIR) on the bottom layer.  
 
5 
 
 
 
 
 
 
 
 
Figure 2.2: Dual-band filter 
 
 Chul-Soo Kim et al. has suggested the novel etched lattice shape as a defected 
ground structure (DGS). Different values of dimension have been used to investigate the 
changes in the effective inductance, capacitance, cutoff frequency and attenuation pole 
location.[3] 
 
 
 
 
 
 
 
Figure 2.3: DGS unit lattice. 
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Table 1.1: DGS circuit parameter  
 
 Table above shows the results of experiment. The values of inductance, 
capacitance, cutoff frequency and also attenuation pole location vary with the values of 
DGS dimension [3]. 
 Bian Wu et al. proposed an idea of designing a dual-band filter based on defected 
stepped impedance resonator (DSIR). The frequency that was used to operate is 1.85 
GHz and 2.35 GHz[4].  Figure 2.4 shows the geometry of the proposed defected stepped 
impedance resonator (DSIR) and the stepped impedance resonator (SIR) [4]. 
 
 
 
 
 
Figure 2.4: Structure of defected and microstrip SIR unit. 
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 Vesna Radisic et al. has proposed a new two-dimensional (2-D) photonic band 
gap (PBG) structure that does not require any drilling process and only partial etching of 
the ground plane with different circle radii[5].  
 
 
 
 
 
 
 
 
 
Figure 2.5: Square PBG structure. 
 
 Heba B. El-Shaarawy et al. has done some investigation on a reconfigurable DGS 
cell for multi-stop band filter on Coplanar Waveguide (CPW) technology. Three different 
frequencies have been tested which are 2.28 GHz, 7.44 GHz and 9.85 GHz[6]. 
 Sachin Singh and Banmali Rawat proposed a new stepped impedance resonator 
(SIR) with new configuration of defected ground structure (DGS) that is fabricated on 
anisotropic and isotropic[7]. 
 A new compact 2D defected ground structure (DGS) which is based on a 1D DGS 
was studied by H. Liu et al[8]. Sio-Weng Ting et al. suggested compact microstrip quasi-
elliptical band pass filter using open-loop dumbbell shaped defected ground structure 
(DGS). This is a quasi-elliptic band pass and bounded by two transmission zeros[9].  
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2.2 Theoretical Background 
 A filter can be defined as a two port network which controls the frequency 
response at a certain point in a microwave system. Nowadays, microstrip is used to 
design filter. It is a type of electrical transmission line which is used to convey 
microwave frequency signals. It consists of substrate which is from a ground plane by a 
dielectric layer and this is known as periodic structure [10].  
 Every unit cells consists of length (d) and the susceptance (b) which is normalized 
to the impedance (  ). The relationship between voltages and currents are as per below 
using matrix. 
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]    (2.1)                                                      
In normalized form: 
  [
  
  
] = [
   
 
 
    
 
 
 
    
 
 
    
 
 
] [
  
   
] [
   
 
 
    
 
 
 
    
 
 
    
 
 
]  
    = [
(      
 
 
    )   (     
 
 
     
 
 
)
  (     
 
 
     
 
 
) (      
 
 
    )
] (2.2) 
2.2.1 Stripline 
 There are two conducting ground planes of separation b centered with a thin 
conducting strip of width W in the strip transmission line. This entire region is filled with 
a dielectric of relative permittivity. Stripline support Transverse Electromagnetic (TEM) 
waves which is the required mode of operation. This is because it consists of two 
conductors and a homogenous dielectric [11].  
                                 = √
 
 
  = 
√  
 
 = 
 
   
           (2.3) 
Where L and C are the inductance and capacitance per unit length of the line. 
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2.2.2 Microstrip line  
 The basic mode of propagation of microstrip line is not a pure TEM mode.  The 
dielectric region contains most of the field lines and some in the air region above the 
substrate. The phase velocity and propagation constant are given by as below [11]. 
 
                                  = 
 
√  
           (2.4) 
The effective dielectric constant is given by: 
                  = 
     
 
 + = 
     
 
 
√      ⁄
              (2.5) 
Where,  
                                   1<  <   
 
2.2.3 CST Microwave Tutorial 
 This is one of the software that will be used to design microstrip band pass filter. 
In order to learn how to use this software, we have to go through its tutorial and the 
tutorial is as per below. 
a) Filter Tutorial 
 This tutorial will help to learn how to simulate planar devices such as a Narrow 
Band Filter.  
i) Select a template 
 Here, the Resonator template should be selected once CST is started. The units 
will automatically be set to mm and GHz with the background material to be perfect 
electrically conducting. Before starting the modeling process, the working planes should 
be set and the sizes must be large enough for the device.  
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ii) Draw the filters housing 
 The interior of the filter need to be modeled whereas the exterior of the filter does 
not need to be modeled because the background material has been set to electric. The 
structure modeling should be started by entering the filters housing which is by creating 
an air-brick. Next the coordinates for X-plane, Y-plane and the height have to be inserted. 
It is better to switch display to wireframe mode as the structures will be inserted into air 
brick and this will cause the shapes to be hidden inside the brick. 
iii) Create the cylindrical resonators 
 Next is to create the cylindrical resonators inside the air brick. The first step in 
this process is to enter the center point coordinates. The material of the cylindrical should 
be verified before continuing with the same procedure for the second cylinder. The 
second step is to create the iris between the two cavities. The procedure is same with the 
creation of the air brick above.  
iv) Create the coaxial couplings 
 At this point, the filters internal structure has been modeled; however the next 
step will be the coaxial coupling modeling on both side walls of the filter. First, the 
working coordinate system should be aligned with one of the side walls of the filter. This 
procedure should be carried out first before begin modeling the cylinders because it will 
allow to model the coupling structure in a more convenient way. Next the substrate 
material should be defined.  
 Till this point, one coaxial coupler has been modeled, but still need to create the 
second coupler. The second coupler can be easily achieved by creating a mirrored copy 
using a shape transformation. The coordinates of the second coupler should be opposite 
the first one in order to gain an exact coupler.  
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v) Define ports 
 Now the ports to the filter need to be added for which the S-parameters will be 
calculated. An infinitely long waveguide will be simulated by each port that is connected 
to the structure at the port plane. Waveguide ports will be used here as it is the most 
accurate way to calculate the S-parameters of filters. The port must cover the coaxial 
cable substrate completely because a waveguide port is based on the two dimensional 
mode patterns in the waveguides cross-section. Therefore two ports with same 
characteristics will be designed here.  
vi) Define boundary conditions and symmetries 
 The structure is embedded in a perfect electrically conducting housing which 
means all boundaries are set to electric. In order to force the solver to calculate only the 
modes that has no tangential magnetic field, the symmetry plane YZ is set to magnetic. 
Next an appropriate frequency range is defined. 
vii) S-parameter calculation 
 This is the final part or step in designing filter. Here, the filter device will be 
analyzed with three method; transient solver, frequency domain solver: general purpose, 
and resonant: fast S-parameter. The S-parameters are calculated with a hexahedral mesh, 
while the second simulation is performed with the tetrahedral mesh. The Narrow Band 
Filter is simulated.  
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CHAPTER 3 
METHODOLOGY 
 
3.1 Research Methodology 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Research methodology flow chart 
Start 
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 The first part is the development of the circuit design. In this part, the filter is 
designed using software. All the required measurement and parameters was inserted in 
order to get the required and accurate results. Next the designed filter is tested to check 
whether it functions as designed.  
 Once the result obtained is satisfied then the designed is saved in Gerber file 
format and sent for fabrication to proceed for further process. However, if the result 
obtained from the test run is not satisfied, then the overall process have to be repeated 
again with some changes in the parameters and also measurement that has been inserted.  
 The second part is the hardware processing part in which the design is fabricated. 
Once the designed filter is fabricated, it is sent to the lab to be tested and measured for 
the required values.  
 After it has passed the entire standard requirement, then the filter is tested again 
but this time with real life problem in order to confirm its sustainability. But if the filter 
failed to pass the standard requirement, then the process of fabrication plus with the 
designing process have to be carried out again until the desired values is obtained. If there 
is no error, then the filter is ready to be used.  
 Next, the designed filter is used to integrate with the energy harvester circuit. 
Three types of energy harvester circuits were used to test with the band pass filter. The 
first type is with band pass and also low pass filter which was already embedded in the 
energy harvester circuit. The second type is only with the low pass filter and the last type 
is without any internal filters, just the band pass filter which has been integrated with.   
 Lastly, all the results and readings obtained were collected and tabulated in order 
to represent it in a clearer view and for better understandings.  
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3.2 Block Diagram 
3.2.1 Software 
 
 
 
 
 
 
 
Figure 3.2: Simulation process of project for DGS-BPF 
 
3.2.2 Hardware 
 
 
 
 
 
 
 
Figure 3.3: Fabrication process of project for DGS-BPF 
 
 
 
 
 
Simulation/Design filter 
using related software 
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requirement 
Run/Test the 
simulation to get 
required result 
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send to fabrication lab 
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3.3 Overall System Process 
 
 
 
 
 
 
Multiple ranges  
of frequencies 
 
 
900MHz 
 
 
 
 
 
 
Figure 3.4: Overall system process 
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3.4 Gantt Chart & Milestone 
3.4.1 Final Year Project I 
 
Table 3.1: Final Year Project I Gantt Chart 
FINAL YEAR PROJECT I 
No Activities 
Week 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Title Selection                             
2 
Preliminary Research 
&Literature review 
          
  
  
  
            
3 
Explore & Design BPF in CST 
Software 
              
        
      
4 BPF Fabrication         
    
          
      
5 Testing & Measurement of BPF                             
 
Final Year Project I Milestones: 
 Completion of title selection    : Week 1 
 Completion of preliminary research & literature review : Week 6 
 Completion of BPF design in CST Software  : Week 8 
 Completion of BPF fabrication    : Week 10 
 Completion of testing & measurement of BPF  : Week 14 
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3.4.2 Final Year Project II 
 
Table 3.2: Final Year Project II Gantt Chart 
FINAL YEAR PROJECT II 
No Details 
Week 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 Filter Test         
  
                
2 Filter Setup & Measurement 
 
                       
3 Results Analysis            
  
              
4 Discussion             
  
              
5 Conclusion             
  
              
 
Final Year Project II Key Milestones: 
 Completion of Filter Test    : Week 4 
 Completion of Filter Setup & Measurement : Week 9 
 Completion of Analysis of Results  : Week 10 
 Completion of Discussion     : Week 12 
 Completion of Conclusion    : Week 14 
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3.5 Tools 
1) Software 
 CST Microwave Studio 
 Ansoft Designer 
 
2) Hardware 
 PCB fabrication 
 Antenna 
 Energy harvester circuit 
 Connectors 
 Frequency generator 
 Coaxial cable 
 Soldering tools 
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CHAPTER 4 
RESULTS & DISCUSSION 
 
 This project consists of two main parts. The first part is the filter designing and 
the second part is the integration of band pass filter-defected round structure with the 
energy harvester circuit. Each part will be discussed in detail below. 
 
4.1 Overview of Defected Ground Structure (DGS) 
 One of the new concepts that were applied to distribute microwave circuits is by 
Defected Ground Structure (DGS) technique. This is done by modifying the ground plane 
metal of a microstrip circuits intentionally to enhance performance. DGS allows placing a 
notch almost anywhere. It will disturb the shield current distribution in the ground plane 
and this disturbance will change characteristics of a transmission line such as line 
capacitance and inductance. Thus, when it placed just outside a band pass filter’s pass 
band, the steepness of the rolloff and the close-in stop band are both improved. The need 
for a more complex design can be avoided if DGS elements are used to improve the stop 
band performance, because simple microstrip filters have a symmetrical stop bands. 
 
  For the testing and learning purposes, a 2400 MHz band pass filter with and 
without DGS was designed and simulated. The result of the testing is as per below. 
 
a) Filter without DGS slot 
 
 
 
 
 
 
 
Figure 4.1: 2400 MHz band pass filter without DGS equivalent circuit 
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Figure 4.2: Presence of unwanted second harmonic 
 
b) Filter with DGS slot 
 
 
 
 
 
 
 
 
 
Figure 4.3: 2400 MHz band pass filter with DGS equivalent circuit 
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Figure 4.4: The resonance is at 2400 MHz with DGS slot and no unwanted second 
harmonic 
 
 Figure 4.1 and 4.3 shows the equivalent circuit for 2400 MHz band pass filter 
with and without DGS. The same value of R, L and C is used in order to show changes 
due to insertion of DGS only and not by other parameters. From the figure above it 
clearly state that when a DGS is used, the unwanted resonance is eliminated and it 
enhance the stop band of the filters.   
 
4.2 Filter Designing 
 The same band pass filter with defected ground structure is simulated using CST 
Software. The parameters of the DGS are tuned in order to get the desired frequency. The 
frequency that was set in this step was 2400 MHz. The changes in S11 and S21 parameters 
are observed. Low pass prototype is transformed to a band pass response using frequency 
transformation formula. 
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Equations for band pass transformation 
 
   ƒ = 
  
   
 (
 
  
  
  
 
)     (4.1) 
                                                                                                             
 
          FBW = 
     
  
     (4.2)      
                      
                                             = √          (4.3)                 
                              
 
Where    is the centre angular frequency and FBW is defined as the fractional 
bandwidth and     are the pass band edge angular frequencies. 
  
Figure 4.5: Simulation result of S11 and S21 parameter 
 
Operating frequency: 2.4 GHz 
Bandwidth: 800 MHz 
No. of poles: 2 
Transmission Zeros: 1.62 & 2.86 GHz  
S11 
S21 
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Measured S11
Simulated S11
Measured S21
Simulated S21
 Figure 4.5 shows the parameters that can be obtained from the simulated graph 
which can be inserted in the formula to be calculated. The value of      can be 
obtained from the simulated result. Later the difference between the values will be 
divided with  . The filter clearly shows two transmission poles and the transmission 
zeros are 1.62 GHz and 2.86 GHz    
 
4.2.1 Comparison of the simulated result and measured result 
Figure 4.6: S11 and S21 parameters difference for band pass filter design 
 
 Figure 4.6 illustrate the comparison of the simulated and measured result. There 
are some slight deviations in the value of measured S11 and simulated S11. But with the 
small deviation the result is still accepted as the value cannot affect the frequency. With 
this, it can be concluded that the simulated result and the measured result are same.  
 
 
 
Measured S11 
Simulated S11 
Simulated S21 
Measured S21 
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4.3 Tuning Parameter 
 The parameters of the simulated DGS were tuned in order to find the relationship 
with the result obtained.  
Figure 4.7: Dumbbell shaped DGS 
 
 Figure 4.7 shows the parameters that were used to tune in order to understand the 
relationship with the S11 and S21 result. The value of b, 2*b, b-0.2, and d were tuned to 
see the changes obtained in the simulated result. Below is the original value for each 
parameter before it is tuned. 
 
b = 6.0 mm 
2*b = 12.0 mm 
b-0.2 = 5.8 mm 
d = 6.0 mm 
 
 
b-0.2 
 
b 
  d 
  2*b 
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4.3.1 Effects on Parameter b 
Figure 4.8: Changes in S11 and S21 parameters due to changes in value of b 
 
 Figure 4.8 shows the effects on the simulated graph when parameters b was 
changed from 6.0 mm to 8.0 mm. By increasing b, the centre frequency down shifts to 
lower frequency. Centre frequency is gradually changed from 2.23 GHz to 1.55 GHz for 
b = 6.0 mm to 8.0 mm, providing wide frequency of 0.68 GHz. The figure above 
concludes that by changing parameter b, the centre frequency will be affected. 
 
 
 
 
 
 
 
 
Frequency (GHz) 
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4.3.2 Effects on Parameter 2*b 
Figure 4.9: Changes in S11 and S21 parameters due to changes in value of 2*b 
 
 Figure 4.9 illustrate the changes of the location of the transmission zeros. By 
increasing 2*b from 12.0 mm to 16.0 mm, the location of lower and upper transmission 
zeros shifts downwards. It is down shifted from 1.46 GHz to 0.953 GHz and 2.64 GHz to 
2.069 GHz. This proves that by changing the value of 2*b, the location of transmission 
zeros will be affected too. 
 
 
 
 
 
 
 
 
Frequency (GHz) 
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4.3.3 Effects on Parameter b-0.2 
Figure 4.10: Changes in S11 and S21 parameters due to changes in value of b-0.2 
 
 Figure 4.10 shows the effects of changing the value of b-0.2. The effects are 
similar to the parameter 2*b. The location of transmission zeros were shifted downwards 
by increasing the value of b-0.2. It is down shifted from 1.46 GHz to 0.953 GHz and 2.64 
GHz to 2.069 GHz. This proves that the location of transmission zeros is influenced by 
the value of b-0.2 parameters.  
 
 
 
 
 
 
 
 
Frequency (GHz) 
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4.3.4 Effects on parameter d 
Figure 4.11: Changes in S11 and S21 parameters due to changes in value of d 
 
 Figure 4.11 shows the effect of parameter d. When the value of d is decreased 
beyond a certain limit, the band pass filtering characteristics loses. If the parameter d is 
decreased beyond 6.0 mm, the filter loses the attenuation pole. From the figure above, it 
can be concluded that, the band pass filtering characteristics is affected when the 
parameter d is changed. From the result that was obtained through parameter changes, it 
can be concluded as per table below. 
 
Table 4.1: Summary of changes in tuning parameters 
Parameter Changes Results 
Effects on b Change in centre frequency 
Effects on b-0.2 Change in location of transmission zeros 
Effects on 2*b Change in location of attenuation poles 
Effects on d Change in bandwidth and band pass characteristics 
Frequency (GHz) 
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 Based on the Table 4.1, it is understood that any changes in these four parameters 
will affect the results obtained in S11 and S21. A change in b affects the centre frequency. 
Therefore, in order to tune for 900 MHz, the length of b need to be changed further more. 
The other parameters were kept constant as it does not influence much in the objective of 
this project.  
 
4.4 Filter Design 
Figure 4.12: Front view of 900 MHz band pass filter with DGS 
 
Figure 4.13: Back view of 900 MHz band pass filter with DGS 
a 
b 
d 
f 
h 
i 
c 
g 
e 
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 The ground is made of Rogers RT5800 lossy substrate and the other parts are 
made of copper annealed (lossy metal). The measurements for the filter are a= 9.8 mm, 
b=1.2 mm, c=20 mm, d=0.6 mm, e=8 mm, f=0.8 mm, g=1.5 mm, h=3.8 mm, i=10 mm. 
The x-length and y-length of the substrate is 22 mm and 12 mm respectively. The height 
of the substrate is 0.787 mm and height for the ground is 0.0175 mm. Both of the 
measurements are kept fixed in order to get a better reading. 
 
 From the testing progress for 2.4 GHz, it is clearly proven that by changing the 
length of DGS, the centre frequency is affected. Thus, in order to get 900 MHz of centre 
frequency, the length, i, is varied gradually. The pattern of the readings is shown in Table 
4.2. 
 
Table 4.2: Changes in tuning parameters for 900 MHz 
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Figure 4.14: Graph of tuning parameters for 900 MHz 
 
 Table 4.2 shows the changes in the length of DGS that was tuned to get 900 MHz. 
The length of parameter i need to be increase gradually until the desired centre frequency 
is obtained which is 900 MHz. The trend for all the parameters has been plotted in a 
graph as shown in Figure 4.14 
 The simulation is later measured for S11 and S21 parameters before fabricated and 
below is the result obtained. The result obtained was the desired result which is with the 
centre frequency ranges from 900 MHz to 950 MHz and bandwidth of 0.2 GHz. Figure 
4.15 shows the simulated result. 
 
 
 
 
 
 
 
 
 
 
Figure 4.15: Simulated result for 900 MHz band pass filter with DGS 
900MHz-950MHz 
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 Figure 4.15 shows the S11 and S21 result obtained after the DGS is tuned for 900 
MHz. It also shows two transmission poles with the bandwidth differences that can also 
be obtained through the graph.   
 
4.4.1 Filter Fabrication 
 The simulated filter is sent to PCB lab for fabrication based on the parameters 
tuned in CST Software. Once the filter is fabricated, it is attached with connectors 
through soldering at both sides of its designed port. Figure below is the picture of the 
fabricated band pass filter with DGS. 
 
 
 
 
 
 
 
 
 
 
Figure 4.16: Front view of fabricated 900 MHz band pass filter with DGS 
 
 
 
 
 
 
 
 
 
 
Figure 4.17: Back view of fabricated 900 MHz band pass filter with DGS 
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 Figure 4.16 and 4.17 shows the front view and the back view of the fabricated 900 
MHz band pass filter with DGS. The fabrication was based on the simulated design using 
CST Software. The filter is attached with connectors to ease the connection with RF 
cable.   
 
 As the band pass filter is fabricated and the connectors are attached, later it is 
tested and measured again using network analyzer in laboratory. Below is the result 
obtained for parameter S11 and S21 for the fabricated filter. 
Figure 4.18: Measured result for 900 MHz band pass filter with DGS 
 
 Figure 4.18 shows the measured result for the fabricated 900 MHz DGS-BPF. The 
measured result shows two transmission poles which is same with the simulated result. 
Based on the result obtained, it clearly shows that the results from simulation and the real 
measurement are same. The graph curve in the circle is the desired band pass frequency. 
The allowable range for the frequency is from 900 MHz to 950 MHz. The result obtained 
has passed the requirement of the first part. 
 
 
900MHz-950HMz 
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4.5 Energy Harvester Circuit 
 The second part is the integration of the designed band pass filter with the energy 
harvester circuit. Energy harvesting is known as micro-energy harvesting, produces small 
amounts of power from the surrounding environment. Because of this, energy harvester is 
typically associated with low power applications. While a variety of energy sources can 
be harvested, open air frequency as RF energy source stands out as a household name. 
With RF signal increasingly available, the question that begs to be asked would be “Can 
energy be harvested from open air frequencies?” General opinion would agree that there 
is indeed energy to be harvested.     
 
4.6 System Overview 
 
Antenna 
 
 
 
Figure 4.19: Network antenna architecture 
 A rectenna is a hybrid between a receiving antenna and rectifying circuit that 
converts RF energy to DC voltage. As shown in Figure 4.19, the energy harvester system 
is divided into few sections, which are a microwave antenna, a matching circuit and a 
pre-rectification LPF, rectifying circuit, a post-rectification LPF for DC path and a 
resistive load.   
 
4.6.1 Matching Network 
 
 Matching networks provide a transformation of impedance to a desired value to 
maximize the energy dissipated by a load. The matching networks ensure that the proper 
impedance is capture and one such matching method may be a conjugate match of the 
impedance. RF power captured by the antenna is converted into DC voltage by a diode 
Matching 
Network 
Rectifying 
Circuit 
DC Low Pass 
Filter 
Resistive 
Load 
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and supplied to matching networks. The matching networks will ensure impedance match 
for optimal power transfer.  
  
4.6.2 Rectifying Circuit 
 
 Rectifying is the conversion of alternating current (AC) to direct current (DC). 
Rectification is performed by a diode that allows current to flow in one direction but nit 
in the opposite direction. Direct current that has been rectified however has various 
changes in ripples lingering from the alternating current. Capacitors are used to smooth 
the current and make it even. Once the signal from matching networks enters rectifying 
circuit, the current will be converting into DC current from the AC current. 
 
4.6.3 DC Low Pass Filter 
 
 A low pass filter is a filter that passes low frequency signals and attenuates signals 
with frequencies higher than the cutoff frequency. It is basically the opposite of a high 
pass filter. The signal will be channeled to LPF from rectifying circuit. Here, the signal 
will be smoothens by suppressing high frequency harmonics present in RF signal. 
 
4.6.4 Resistive Load 
 
 Resistive load is the output of the system. Here, the resistive load is the energy 
harvester board that was used for measurement which is the Powercast P2110-EVAL-02 
Energy Harvester Circuit.  
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4.7 Powercast P2110-EVAL-02 Energy Harvester Circuit 
 
 
Figure 4.20: Powercast P2110-EVAL-02 Energy Harvester Circuit 
 
 Figure 4.20 shows Powercast P2110-EVAL-02 board that was used as energy 
harvester circuit for this project. This board has an SMA connector to connect the 
antennas and a 10-pin connector for the charging board. 915 MHz PCB patch antenna is 
connected with this board.   
 The type output for this circuit is not fixed which means that it can be 
determined based on the preference of the user. For example, this circuit gives the 
flexibility to choose between LED and voltage that can be used to measure as an output. 
In this project, LED is used as the output signal. 
 
LED 
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4.8 System Design 
Figure 4.21: Powercast P2110-EVAL-02 Energy Harvester Circuit Design Diagram 
 
 Figure 4.21 shows the design and the component of the energy harvester 
board. Each of the components is important in the board and it has its own function. The 
entire component is described as per table below 
Table 4.3: Component description for Powercast P2110-EVAL-02 Board 
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 The most common part that was used in this project is the GND, Vout, LED 
and the connectors for antenna. Other components are for different function and 
measurement which does not involve in this project.  
4.9 Test Measurement Setup 
Procedures 
 Before starting the real life situation operation, this test measurement should 
be done first in order to check the functionality of the filter. The band pass filter must be 
connected with the energy harvester circuit with connectors as in Figure 4.22. The 
connectors should be tight enough so that there will not be any RF losses. The position of 
the filter also must be correct so that there will not be any error in the readings. 
 
 
 
 
 
 
 
Figure 4.22: Setup of 900 MHz band pass filter with energy harvester circuit 
 Once the setup is done as in the Figure 4.23, then it must be connected with 
the signal generators using coaxial cable. The connection also must be tight to prevent 
any RF losses. All the connection must be correct before the signal generators in turned 
on.  
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Figure 4.23: The overall setup of the system 
 Figure 4.23 shows the overall setup of the test measurement process. The 
signal generator is turned on once all the setup is complete. The frequency range is set 
from 1500 MHz to 900 MHz as in Figure 4.24 and 4.25. The LED blinking interval time 
was taken in order to observe any changes.  
 
 
 
 
 
 
 
 
Figure 4.24: 1500 MHz as the input for the system 
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Figure 4.25: 900 MHz as the input for the system 
 Once the circuit received its desired frequency, the circuit is turned on and 
the LED blinks according to its time interval which corresponds to the input frequencies. 
The radio frequency energy (RF) is converted into DC power and stores it in a capacitor 
to provide an intermittent, regulated voltage output.  The output voltage range is around 
1.5 V with 10 dBm which gives us power around 10 mW. The same procedure was 
repeated but without a band pass filter. The results obtained are tabulated in the table 
below. 
Table 4.4: LED blinking respond based on frequency input without DGS-BPF 
  Frequency (MHz) Time for LED to blink (s) 
1500 5.97 
1400 5.32 
1300 4.85 
1200 4.02  
1100 3.96 
1000 3.87 
900 3.84 
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Figure 4.26: Graph without DGS-BPF 
 
Table 4.5: LED blinking respond based on frequency input with DGS-BPF 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Frequency (MHz) Time for LED to blink (s) 
1500 4.81 
1400 4.36 
1300 4.04 
1200 3.95 
1100 3.82 
1000 3.74 
900 3.51 
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Figure 4.27: Graph with DGS-BPF 
 From part one, the simulation result and the measured result are the same. This 
proves that the band pass filter with defected ground structure was designed correctly and 
accordingly to its parameter. The usage of defected ground structure in the band pass 
filter is to have an improvement in the return loss. The result also shows that the 
parameter S12 and S21 exhibits less than -30 dB and more than -0.5 dB respectively.  
 In the second part, the designed DGS-BPF filter managed to integrate with the 
energy harvester circuit. The blinking of LED determines the output of the circuit. From 
the table and graph above, it shows that as the frequencies decreases, the LED blinking 
interval time decreases too.  
 By using the 900 MHz DGS-BPF, a shorter period of blinking time is obtained 
and other higher frequencies managed to integrate with the energy harvester circuit. 
Whereas, without using DGS-BPF, the blinking of LED took a longer period of time 
which indicate that the output voltage is smaller compared with the previous test.  
 For the final stage, after the test measurement was done, the energy harvester 
circuit and the DGS-BPF were tested with real life situation. The energy harvester circuit 
was connected with an antenna of 915 MHz and 6.1 dBi. A transmitter was used to 
transmit frequency with a range from 915 MHz to 1000 MHz.  
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 The first setup was without DGS-BPF as showed in Figure 4.28. The output 
voltage was measured by changing the distance of transmitter and the energy harvester 
circuit. The same procedures were repeated with the integration of DGS-BPF and energy 
harvester circuit as in Figure 4.29. The setup of the system and the results obtained are 
recorded. 
 
 
 
 
 
 
 
 
 
Figure 4.28: The setup of transmitter and energy harvester circuit without DGS-BPF 
 
 
 
 
 
 
 
 
 
 
Figure 4.29: The setup of transmitter and energy harvester circuit with DGS-BPF 
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Table 4.6: Result of energy harvester circuit with antenna and transmitter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.30: Graph of output voltage vs. distance from transmitter (Tx) 
 
 From the results obtained above, it shows that the output voltage for both sets of 
setup decreases as the distance from the transmitter increases. This is because once the 
distance increases, the antenna will experience difficulties to receive the signal from the 
transmitter, thus this will decreases the output voltage produce by the circuit. But from 
comparison between two sets, the set with DGS-BPF gives a better trend of voltage 
reading as it does not decrease abruptly. Therefore, it is clearly proven that the project is 
successfully implemented and the analysis was done based on the results. 
Without DGS-BPF With DGS-BPF 
Distance from 
Tx (m) 
Output voltage 
(v) 
Distance from 
Tx (m) 
Output voltage 
(v) 
0.15 3.49 0.15 3.49 
0.30 3.36 0.30 3.36 
0.45 3.21 0.45 3.27 
0.60 3.07 0.60 3.15 
0.75 2.95 0.75 3.01 
0.90 2.76 0.90 2.96 
1.00 2.59 1.00 2.83 
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CHAPTER 5 
CONCLUSION AND RECOMMENDATION 
 
 The integration of band pass filter with the energy harvester circuit was 
successfully carried out. Using frequency as an input to the band pass filter, connection 
was made to the energy harvester circuit. An output of DC voltage is obtained and this 
proved that the objective of this project has been achieved.  
 With the usage of DGS in the filter, it helps to reduce the size of the filter, and 
this indirectly can reduce the cost of designing it. This is because there will be no extra or 
complex design of filters needed. Besides that, a better sharpness of stop band also can be 
achieved by using DGS in the filter and by this, the output of the filter will be better and 
can be used for other application such as the energy harvester circuit. 
 Many improvements can be done in the future, such as designing a band pass 
filter with a simpler design. It is not necessary for the band pass filter to be in the same 
design as in this project paper. Besides that, the usage of software also can be improved. 
A newer version of software would give a faster results and this will save more time in 
designing the filters. 
 This system can be used in daily life and it will be very useful in saving energy. 
We can used open air frequencies to produce a small current and improvement can be 
done in the circuit to obtain a higher current value to be used for a higher current 
consumption load in the future. Furthermore, this application also can be used for 
replacing batteries. It is really hard to charge batteries all the time, thus by implementing 
this idea in a wider scope, a good resolution can be obtained. 
 By completing this project, it is really hoped that microwave communication will 
be a common way of interaction and provide comfort in our daily life. 
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